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1 INTRODUCTION

1 Introduction

This document describes the pre-processing applied to the NPP VIIRS spectral response functions (SRFs), obtained
from VII [2010], to prepare for use in the CRTM processing chain. The SRFs are used to generate channel central
frequencies, as well as in the convolution of monochromatic quantities such as Planck radiances or line-by-line (LBL)
model generated transmittances to produce such things as polychromatic correction coefficients and instrument
resolution transmittances. The latter, for a diverse set of atmospheric profiles, are then regressed against a set of
predictors to produce the fast transmittance model coefficients used by the CRTM.

For the VIIRS we are treating the imager (high spatial resolution; channels I1 - I5) and the moderate spatial
resolution sensor (channels M1 - M16) as different instruments. Additionally, because the transmittance model for
visible channels is slightly different from that for infrared and microwave channels, the visible channels are also treated
as a different sensor. As such, channels I1-I3 and M1-11 are considered visible in the CRTM. These designations
effectively give us four different sensors for which we will generate CRTM coefficient files. The sensor identifiers and
their channels are shown in table 1.1.

Sensor Id Sensor Type Sensor Channels

v.viirs-m npp Visible M1 - M11
v.viirs-i npp Visible I1 - I3
viirs-m npp Infrared M12 - M16
viirs-i npp Infrared I4, I5

Table 1.1: The VIIRS instruments Sensor Id designation, sensor type, and channel range for the
purposes of generating CRTM coefficients.

Additional conditions that were set forth before processing the VIIRS SRF data were to use the subsample 0 data
for the imager sensor channels I1-I5, and to use the 16a data for the moderate spatial resolution sensor channel M16.
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2 APPLYING A THRESHOLD TO THE SRF DATA

2 Applying a threshold to the SRF data

Many of the VIIRS SRFs appear like that shown in figure 2.1 where there is a wide spectral region containing data
that does not contribute significantly to the channel response. Doing the line-by-line calculations over such a large
spectral width would be prohibitive. As such, the SRFs are spectrally “trimmed” by applying a response threshold;
that is, when the SRF magnitudes drop below a certain value, the data is discarded.
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Figure 2.1: Why we need to toss out some SRF data. LBL calculations for a large out-of-band spectral
region are prohibitive.

The thresholding methodology used in the VIIRS processing applies a response threshold whilst scanning through
the SRF in four directions:

� Increasing from the lowest frequency to that for the maximum SRF value. The first point at which the SRF
magnitude is above the threshold is labeled as the outer low-frequency cutoff value.

� Decreasing from the highest frequency to that for the maximum SRF value. The first point at which the SRF
magnitude is above the threshold is labeled as the outer high-frequency cutoff value.

� Decreasing from the frequency of the maximum SRF value to the lowest frequency. The previous point to the
first point for which the SRF magnitude is below the threshold is labeled as the inner low-frequency cutoff
value.

� Increasing from the frequency of the maximum SRF value to the highest frequency. The previous point to the
first point for which the SRF magnitude is below the threshold is labeled as the inner high-frequency cutoff
value.

For a suitably chosen response threshold, the inner and outer cutoff points on either side of the SRF itself should
coincide. The operative phrase in the previous sentence is “suitably chosen”. We do not want to discard SRF data
that is significant in terms of channel response.

Two factors complicate this thresholding procedure: a noisy baseline (see figure 2.2(a)) and out-of-band responses
(see figure 2.2(b)).
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2 APPLYING A THRESHOLD TO THE SRF DATA 2.1 The effect of noise on thresholding

(a) Noisy baseline example (b) Out-of-band response example
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Detector #1 for VIIRS M15
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Figure 2.2: Examples of SRF data that can complicate the application of a threshold to truncate the
spectral range and remove superfluous data.

2.1 The effect of noise on thresholding

For a relatively low response threshold value (e.g. 0.2%), the effect of a noisy SRF baseline on thresholding is
to always return different inner and outer cutoff points, as shown in figure 2.3(a) for a manufactured SRF. This is
because of a single noisy point popping above the response threshold (see figure 2.3(b)). One could argue that simply
inceasing the theshold value would avoid this issue, but this could also lead to significant portions of the main SRF
lobe being discarded (e.g. the inner cutoff occurs at too high a level.)
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Figure 2.3: The effect of a noisy baseline on thresholding for a manufactured SRF. (a) The selected
inner and outer cutoff points rarely coincide. (b) A noisy point has a value above the response threshold
and causes a potentially premature outer cutoff.

2.2 The effect of out-of-band response on thresholding

The effect of an out-of-band response on thresholding is similar to that for noise, but occurring at larger threshold
values. An example using our manufactured SRF is shown in figure 2.4. Whether or not the out-of-band response is
real or a processing artifact should determine whether or not it is included.
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2 APPLYING A THRESHOLD TO THE SRF DATA 2.3 The methodology selected

(a) Cutoff points (b) Impact of out-of-band response on cutoff selectionTest channel 1 threshold cutoff discrepancy
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Figure 2.4: The effect of an out-of-band response on thresholding for a manufactured SRF. (a) The
selected inner and outer cutoff points rarely coincide. (b) The out-of-band response is typically higher
than a response threshold and causes a potentially premature outer cutoff.

2.3 The methodology selected

Based on manual inspection of the VIIRS SRFs at various stages in their processing, the thresholding methodology
used for the VIIRS SRFs was as follows:

� The relative response threshold for infrared (IR) channels: 0.001 (0.1%)

� The relative response threshold for visible (VIS) channels: 0.01 (1%)

� Only the SRF data between the inner low-frequency and inner high-frequency cutoff points are retained.

� If the inner and outer cutoff points for either low- or high-frequency side of the SRF are not the same, indicate
difference.

The channels where the inner and outer cutoff points did not coincide are shown in table 2.1. So, only a few channels
warranted extra attention. Representative plots showing the reason for the cutoff discrepancy for these channels are
shown in figure 2.5. It remains to be determined if the out-of-band responses seen in 2.5(a), (b), and (c) are real.

Sensor Channel Detector

VIIRS-M (VIS) 1 6-16
VIIRS-M (IR) 15, 16 1-16
VIIRS-I (VIS) - -
VIIRS-I (IR) 5 1-12, 14-32

Table 2.1: VIIRS sensor channels and detectors where the inner and outer threshold cutoff points were
different. See figure 2.5 for plots indicating the reason for the discrepancy.
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2 APPLYING A THRESHOLD TO THE SRF DATA 2.3 The methodology selected

(a) VIIRS-M Ch.1, Det.6 (b) VIIRS-M Ch.15, Det.1v.viirs−mD06_npp channel 1 threshold cutoff discrepancy
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viirs−mD01_npp channel 15 threshold cutoff discrepancy
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(c) VIIRS-M Ch.16, Det.1 (d) VIIRS-I Ch.5, Det.1viirs−mD01_npp channel 16 threshold cutoff discrepancy
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viirs−iD01_npp channel 5 threshold cutoff discrepancy
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Figure 2.5: Specific detector examples for those channels that were flagged in the response thresholding.
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3 SPECTRAL INTERPOLATION OF SRF DATA

3 Spectral interpolation of SRF data

To facilitate the computation of the LBL transmittances across the spectral regions of interest, the received SRFs
are interpolated to a fixed frequency grid spacing of 0.1cm-1. Interpolation is performed via a tensioned spline for
infrared channels and via simple linear interpolation for visible channels.

What follows is a documentation of the results of the SRF interpolation. While the results highlighted in this section
are interpolation artifacts, they are not considered to be so in a pejorative sense.

3.1 Expected interpolation artifacts

Previous experience with SRF interpolation has indicated that the regions where potential artifacts appear are at
the edges of the SRF, as well as near the maxima. In the former case, the artifacts usually originate due to noise at
low-levels. Depending on the thresholding that is applied, the interpolates can decrease below zero. This is shown
for VIIRS I5 with a response threshold applied in figure 3.1(a) where interpolates dip slightly below zero - for these
cases the negative values are simply set to zero. Interpolation of the same channel without a response threshold is
shown in figure 3.1(b) where the noise in the original data can cause the interpolation vary significantly about zero.
Where noise is an issue at the edges of the main SRF lobe, careful inspection of the interpolation data is required to
ensure the result is reasonable.
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Figure 3.1: Inspection of low-level interpolation for the VIIRS I5 detector SRFs. The diamond symbols
are the original SRF data and the solid lines are the interpolated data. The detector average is the thick
black line. (a) Interpolation at SRF edges for noisy low-level response. Post interpolation SRF values
less than zero are set to 0.0. (b) Comparison of interpolation when no response threshold is applied
(note difference in the plot frequency range).

The effect of spline interpolation near the SRF maxima is shown in figure 3.2. This is not considered an artifact
since the processing normalises the SRFs using their integrated areas.
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3 SPECTRAL INTERPOLATION OF SRF DATA 3.2 Why linear interpolation for visible channels?

viirs−i_npp ch.5
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Figure 3.2: Inspection of interpolation near SRF maxima for the VIIRS I5 detectors. The diamond
symbols are the original SRF data and the solid lines are the interpolated data. The detector average
is the thick black line. The SRF processing normalises the SRFs via integrated area so an SRF value
greater than 1.0 is not considered an artifact.

3.2 Why linear interpolation for visible channels?

The reason linear interpolation was used for the visible channels is due to some of the channels having frequency
point spacings that made it difficult to use spline interpolation without introducing gross artifacts. An example of
this is shown in figure 3.3 where the variation in the frequency spacing of the original data made the regular tensioned
spline undershoot the zero level by a large amount. To avoid this undershoot occurring, the tension applied to the
spline was increased to the point where the result was effectively linear interpolation. Thus, all visible channels used
linear interpolation.
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Figure 3.3: The effect of using spline interpolation for the VIIRS M1 detector SRFs with highly variable
point spacing. The diamond symbols are the original SRF data and the solid lines are the interpolated
data. The detector average is the thick black line.
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4 THE PROCESSED VIIRS SRFS

4 The processed VIIRS SRFs

4.1 VIIRS-M
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Figure 4.1: VIIRS moderate resolution channel 1 SRFs for all 16 detectors. The detector average is the
thick black line.
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Figure 4.2: VIIRS moderate resolution channel 2 SRFs for all 16 detectors. The detector average is the
thick black line.
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4 THE PROCESSED VIIRS SRFS 4.1 VIIRS-M
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Figure 4.3: VIIRS moderate resolution channel 3 SRFs for all 16 detectors. The detector average is the
thick black line.
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Figure 4.4: VIIRS moderate resolution channel 4 SRFs for all 16 detectors. The detector average is the
thick black line.
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4 THE PROCESSED VIIRS SRFS 4.1 VIIRS-M

v.viirs−m_npp ch.5

1.46× 104 1.48× 104 1.50× 104 1.52× 104

Frequency (cm−1)

0.2

0.4

0.6

0.8

1.0

R
el

at
iv

e 
R

es
po

ns
e

Figure 4.5: VIIRS moderate resolution channel 5 SRFs for all 16 detectors. The detector average is the
thick black line.
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Figure 4.6: VIIRS moderate resolution channel 6 SRFs for all 16 detectors. The detector average is the
thick black line.
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4 THE PROCESSED VIIRS SRFS 4.1 VIIRS-M
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Figure 4.7: VIIRS moderate resolution channel 7 SRFs for all 16 detectors. The detector average is the
thick black line.
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Figure 4.8: VIIRS moderate resolution channel 8 SRFs for all 16 detectors. The detector average is the
thick black line.
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4 THE PROCESSED VIIRS SRFS 4.1 VIIRS-M
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Figure 4.9: VIIRS moderate resolution channel 9 SRFs for all 16 detectors. The detector average is the
thick black line.
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Figure 4.10: VIIRS moderate resolution channel 10 SRFs for all 16 detectors. The detector average is
the thick black line.
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4 THE PROCESSED VIIRS SRFS 4.1 VIIRS-M
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Figure 4.11: VIIRS moderate resolution channel 11 SRFs for all 16 detectors. The detector average is
the thick black line.
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Figure 4.12: VIIRS moderate resolution channel 12 SRFs for all 16 detectors. The detector average is
the thick black line.
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4 THE PROCESSED VIIRS SRFS 4.1 VIIRS-M
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Figure 4.13: VIIRS moderate resolution channel 13 SRFs for all 16 detectors. The detector average is
the thick black line.
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Figure 4.14: VIIRS moderate resolution channel 14 SRFs for all 16 detectors. The detector average is
the thick black line.
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4 THE PROCESSED VIIRS SRFS 4.1 VIIRS-M

viirs−m_npp ch.15

850 900 950 1000
Frequency (cm−1)

0.2

0.4

0.6

0.8

1.0

R
el

at
iv

e 
R

es
po

ns
e

Figure 4.15: VIIRS moderate resolution channel 15 SRFs for all 16 detectors. The detector average is
the thick black line.
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Figure 4.16: VIIRS moderate resolution channel 16 SRFs for all 16 detectors. The detector average is
the thick black line.
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4 THE PROCESSED VIIRS SRFS 4.2 VIIRS-I

4.2 VIIRS-I
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Figure 4.17: VIIRS imager channel 1 SRFs for all 32 detectors. The detector average is the thick black
line.
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Figure 4.18: VIIRS imager channel 2 SRFs for all 32 detectors. The detector average is the thick black
line.
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4 THE PROCESSED VIIRS SRFS 4.2 VIIRS-I
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Figure 4.19: VIIRS imager channel 3 SRFs for all 32 detectors. The detector average is the thick black
line.
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Figure 4.20: VIIRS imager channel 4 SRFs for all 32 detectors. The detector average is the thick black
line.
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Figure 4.21: VIIRS imager channel 5 SRFs for all 32 detectors. The detector average is the thick black
line.
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